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We show by magnetoluminescence and photoluminescence excitation spectroscopy that the den-
sity of the two-dimensional electron gas in a GaAs/Al Gaz As asymmetric modulation-doped
multiple quantum-well structure is changed when the sample is excited with photons having an
energy lower than the alloy band gap.
In the past few years much work has been done con-
cerning the investigation of the optical and magneto-
optical properties of n-type modulation-doped quantum
wellsi s (n-MDQW). The optical properties of the un-
doped quantum wells (QW) are strongly afFected by the
presence of free carriers. It is well known that free car-
riers in n-MDQW shift the absorption edgei and renor-
malize the fundamental band gap, This renormal-
ization is a consequence of the many-body effects present
due to the high density of the two-dimensional electron
gas (2DEG) in these structures. We will refer to this
many-body-efFect-related shinkage of the band gap as the
band-gap renormalization (BGR).
In n-MDQW and heterojunctions the density of the
2DEG can be reduced by the application of a weak in-
plane electric Beld or by the illumination with photons
having an energy greater than the alloy band gap. z
This allows us to study the BGR as a function of the
2DEG density. z'4'~
In this paper we report magnetophotoluminescence
(MPL) and photoluminescence-excitation spectroscopy
(PLE) studies of n-MDQW under different excitation in-
tensities. We show that, even when exciting the sample
with photons having an energy far below the barrier band
gap, the MPL spectra are blueshifted when the excitation
intensity is increased. We attribute this shift to a reduc-
tion of the 2DEG density. The renormalized band gap is
obtained by extrapolation of the luminescence peak en-
ergy versus magnetic field plot to zero field. This reduc-
tion is also proved to occur by the PLE spectra obtained
at zero field under different excitation intensities.
The sample studied in this work consists of 15 periods
of a 40-nm undoped, 5.5-nm silicon doped (1.2 x 10is
cm s), 18.5-nm undoped Al~Gai ~As (0.35 ( x ( 0.37)
barrier followed by a 20-nm GaAs undoped well. The
2DEQ density and mobility at 77 K are 4.8 x 10
and 5.5 x 10 cmz/Vs, respectively. The MPL and PLE
spectra were taken at 2 K in a 13-T superconducting
magnet with bottom optical access. The magnetic Beld
was perpendicular to the layers. The sample was excited
by a Kr+ pumped LD700 dye laser. The luminescence
signal was analyzed by a double monochromator and de-
tected using standard photon-counting techniques.
In Fig. 1 we show the luminescence peak energy ver-
sus magnetic field plot for the fundamental transition
(ep-hhp, first Landau level) excited with photons hav-
ing an energy of 1.69 eV. We can observe that when
the excitation intensity is increased the entire plot shifts
towards higher energies, while maintaining roughly the
same slope. Linear Bt to the data points and the transi-
tion energy obtained from extrapolation to zero field are
also shown. The transition energies at zero Beld for the
0.2-W/cmz and for the 30-W/cmz excitation intensities
are E&oso —1.5175 eV and E&so o —1.5197 eV, respec-
tively. In order to analyze the data we have performed
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I"IG. 1. Energy position vs magnetic fie]d plot for the fun-
damental transition (eo-hho, first Landau level) for two exci-
tation intensities. The transition energy at zero field obtained
from a linear extrapolation is also shown.
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a calculation based on the self-consistent solution of the
Poisson and Schrodinger equations to obtain the zero-
Beld energy value for the fundamental transition, with-
out the inclusion of many-body efFects. The calculated
value for this transition is 1.53 eV. We can see that the
observed energy value for the fundamental transition, in
the lower excitation regime (0.2 W/cm2), is 12.5 meV
lower than the calculated one. This fact is explained on
the basis of the BGR generated by the many-body effects
present due to the high 2DEG density.
The remarkable fact in our experiment is that when the
excitation intensity is increased the entire set of points
representing the magnetic field dependence of the fun-
damental transition is shifted towards higher energies.
This blueshift is observed by exciting the sample with
photons having an energy lower than the alloy band gap.
This shift can be measured by the extrapolated zero-Beld
peak energy. The value obtained for this energy under
the 30-W/cm excitation is 2.2 meV greater than the
one obtained under the 0.2-W/cm2 power density (see
Fig. 1).
To provide additional insight on the mechanism driving
this increase of the fundamental transition energy as the
excitation intensity is increased we measured the zero-
field PLE for two excitation intensities. The spectra are
shown in Fig. 2. In spectrum a, taken under an excitation
intensity of 0.5 W/cm, we observe a smooth increase of
the luminescence intensity, with no peak structure be-
fore the strong resonance corresponding to the e~-hhi
transition. This is evidence that the Coulomb interac-
tion between photogenerated electrons in the first elec-
tron subband and holes in the Brst heavy-hole subband
is effectively screened, i.e. , no evidence of final state in-
teraction between photoexcited carriers is found for the
eo-hho transition. In spectrum b (30-W/cmz excitation)
we can observe an enhancement of the oscillator strength
of the ep-hhp transition and a sharper rise of the lumi-
nescence intensity as the photon energy is increased. We
can also observe a weak but clearly seen peak structure
before the ey-hhi transition. These facts are an indica-
tion of the reduction of the screening of the Coulomb
interaction among the photoexcited carriers for the eo-
hho transition.
We can make a rough estimate of the Fermi energy,
measured from the bottom of the first electron subband
using the equation
Ef(1+m, /mph) = AE, (1)
where AE is the difFerence between the energy of the
absorption onset (E~b, in Fig. 2) and the luminescence
peak energy of the fundamental transition at zero mag-
netic field. We found in the low excitation regime a value
of 28 meV for Ef and under high excitation a value of 21
meV. Both the decrease of the estimated Fermi energy
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FIG. 2. PLE spectra obtained at two excitation intensities.
The absorption onsets (E b, ) for the two excitation intensities
are shown. Arrows indicate the energies corresponding to the
absorption onsets in each spectrum.
action among carriers are indications of the reduction of
the 2DEG density.
We explain this reduction using basically the same
mechanism which is responsible for the diminution of the
2DEG density when the sample is excited with above-
barrier band-gap photon energy. s 7 Holes created at the
barrier are driven by the built-in electric field to the
GaAs QW and recombine with the 2DEG reducing its
density. As a consequence of the reduction of the 2DEG
density the BGR is also diminished and the transition en-
ergy shifts towards higher energies. Recently new deep
luminescence related to Si doping in A1~Gai ~As has
been reported. In our sample a luminescence peak lo-
cated around 1.55 eV and previously related to the ey-hho
transition~ is now known to be related to a deep center
in the barrier. ii We attribute the generation of holes in
the barrier by the absorption of light through deep states
in the silicon-doped part of the alloy.
In summary, by measuring the MPL and PLE spectra
of an n-MDQW under difFerent excitation intensities we
concluded that the 2DEG density is reduced when the
sample is excited with photons having an energy lower
than the barrier band gap. This reduction was explained
on the basis of the transference of holes generated in the
barrier to the GaAs quantum wells. The creation of holes
in the barrier was attributed to the absorption of light
by deep states in the Si-doped part of the alloy.
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